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Introduction 


One  of  the  major  problems  associated  with  existing 
criteria  for  exposure  to  high  levels  of  impulse  noise  is  the 
total  lack  of  specific  attention  that  is  paid  to  the  energy 
spectrum  of  the  impulse.  Virtually  all  criteria  focus  on  the 
trading  relation  between  intensity  and  time  or  some  measure  of 
total  energy.  Since  the  auditory  system  processes  an  acoustic 
stimulus  in  a  frequency  specific  manner,  a  criterion  for 
exposure  to  transients  should  reflect  the  frequency  specific 
characteristics  of  the  auditory  system  and  how  those 
characteristics  are  related  to  susceptibility  to  impulse  noise 
trauma.  An  earlier  report  by  Patterson  et  al.,  (1991)  showed 
that  a  frequency  weighting  function  for  transients  could  be 
derived.  This  weighting  function  was  based  upon  audiometric 
and  histological  data  gathered  from  118  chinchillas  exposed  to 
a  variety  of  narrow  band  (frequency  specific)  impulses  at 
various  peak  intensities.  The  weighting  function  clearly 
demonstrates  that  equivalent  amounts  of  impulsive  energy 
concentrated  at  different  frequencies  are  not  equally  hazardous 
to  the  auditory  system.  Since  the  weighting  function  was 
obtained  using  narrow  band  tone  pips  as  the  exposure  stimulus, 
it  was  important  to  determine  the  extent  to  which  this 
weighting  function  could  be  applied  to  actual  high  intensity 
blast  wave  stimuli.  A  large  body  of  audiometric  data 
(Patterson  and  Hamernik,  1991),  obtained  from  chinchillas 
exposed  to  three  spectrally  different  blast  waves,  was  analyzed 
using  an  approach  that  related  the  90th  percentile  group  mean 
PTS  averaged  at  1,  2  and  4  kHz  to  the  P-weighted  sound  exposure 
level  (SEL)  of  the  blast  wave  exposure.  Details  of  this 
specific  analysis  can  be  found  in  Patterson  and  Hamernik, 

(1991) .  The  results  of  the  analysis  indicated  that  the 
appropriate  weighting  function  was  similar  to  the  P-weighting 
function  at  all  frequencies  for  which  data  were  available 
except  in  the  vicinity  of  2  kHz  v/here  there  was  an  approximate 
10  dB  discrepancy  as  shown  in  Figure  1.  To  resolve  this 
discrepancy,  two  additional  groups  of  animals  were  exposed  to 
narrow  band  impulses  with  a  center  frequency  (CF)  of  2.075  kHz, 
and  peak  intensity  of  134  dB  or  139  dB.  This  report  presents 
the  results  obtained  from  these  two  additional  groups. 


Methods  and  procedures 

The  methods  and  experimental  paradigm  were  identical  to 
those  presented  in  Patterson  et  al.,  (1991)  and  thus  will  not 
be  repeated  in  detail  here.  Basically,  an  avoidance 
conditioning  paradigm  was  used  to  obtain  pre-  and  poste:vposure 
threshold  measurement  at  10  audiometric  test  frequencies 
between  0.125  and  8  kHz.  Thresholds  were  followed  after 
exposure  at  regular  intervals  over  a  period  of  30  days,  at 
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which  tine  the  animals  were  sacrificed  for  surface  preparation 
histology.  Each  animal  was  individually  exposed  at  a  normal 
angle  of  incidence  to  one  of  the  two  exposure  conditions  shown 
in  Table  1.  The  exposures  consisted  of  the  presentation  of  100 
narrow  band  impulses  at  the  rate  of  1  per  3  seconds.  Each 
experimental  group  consisted  of  six  animals.  The  impulses  were 
computer  generated  and  transduced  to  an  acoustic  stimulus  as  in 
Patterson  et  al.  (1991).  The  pressure-time  history  and  energy 
spectra  of  the  narrow  band  stimulus  used  are  shown  in  Figure  2. 
From  the  pressure-time  history  of  the  impulsive  stimulus,  the 
integral  of  pressure  squared  over  time  was  computed  to  obtain 
the  total  sound  exposure  level  (SEL)  re:  20m  Pa  sec  for  each 
exposure  condition  (Table  1) . 


Results  and  discussion 

The  mean  preexposure  audiogram  for  the  12  animals  used  in 
these  experiments  along  with  the  normative  data  of  Miller 
(1970)  is  shown  in  Figure  3.  The  group  mean  thresholds  for  the 
two  groups  are  shown  in  Table  2.  A  two-way  analysis  of 
variance  showed  that  there  was  no  statistically  significant 
difference  in  the  thresholds  between  the  two  groups.  For  each 
animal  threshold  shifts  (TS)  were  computed  by  subtracting  that 
animal's  preexposure  threshold  from  the  postexposure  threshold 
at  each  audiometric  test  frequency.  The  audiometric  effects  of 
each  exposure  were  documented  in  three  ways: 

(1)  The  mean  threshold  shift  recovery  functions  for  each 
group  and  each  test  frequency  (Figures  4  through  13) . 

(2)  The  maximum  TS  for  each  group  and  for  each  test 
frequency  (Figure  14) . 

(3)  The  permanent  threshold  shift  (PTS)  for  each  group 
and  for  each  test  frequency  (Figure  15) . 

Bars  represent  the  standard  error  of  the  mean.  If  no  bar 
is  present,  the  standard  error  was  less  than  the  size  of  the 
symbol . 

All  three  of  the  above  sets  of  audiometric  data  were 
consistent  in  showing  that  the  higher  intensity  stimulus 
produced  the  more  severe  threshold  shifts.  All  individual 
animal  thresholds  and  group  mean  thresholds  are  summarized  in 
the  appendix. 

The  group  mean  inner  and  outer  hair  cell  losses  are  shown 
in  Figure  16.  As  seen  in  the  audiometric  data,  the  more 
intense  stimulus  caused  a  greater  loss;  however,  unlike  the 
audiometric  data,  there  is  a  clear  frequency  effect  in  the 
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Table  1 

Definition  of  experimental  groups. 


Group 


1 

2 

Total 


N  Center  frequency 
(Hz) 

6  2075 

6  2075 

12 


Peak  SPL 

Total  SEL 

(dB) 

(dB) 

134 

124.5 

139 

129.3 

Table  2 


Preexposure  threshold  means  (dB)  and  standard  deviations 
for  all  groups  compared  to  published  forms. 


Test  requency  (Hz) 


Group 

N 

125 

250 

500 

1000 

1400 

2000 

2800 

4000 

5700 

8000 

1 

6 

16.5 

9.7 

2.8 

-1.2 

-1.2 

-2.2 

0.3 

-0.5 

4.7 

3.2 

X 

3.7 

1 . 6 

3.2 

2.0 

3.0 

2.3 

3.3 

3.0 

2.8 

4.2 

s 

2 

6 

17.2 

8.0 

1.7 

1.8 

0.7 

-0.2 

0.8 

1 . 0 

0.8 

1.5 

X 

5.7 

5.1 

3.5 

3.8 

3.3 

2.7 

3.6 

5.3 

3.4 

1.8 

s 

Total 

12 

16.8 

8 . 8 

2.3 

0.3 

-0.3 

-1.2 

0.6 

0.3 

2.8 

2.3 

X 

4.6 

3.7 

3.3 

3.3 

3.1 

2.6 

3.3 

4.2 

3.6 

3.2 

s 

Miller 

19.9 

8.8 

5.1 

3.0 

2.2 

2.7 

-0.2 

1.9 

1.9 

5.8 

X 

(1970) 

5.4 

3.9 

6.1 

4 . 1 

6.6 

4.7 

4 . 9 

7 . 1 

6.7 

5.4 

s 

36 

36 

36 

36 

34 

36 

35 

36 

35 

36 

N 

7 


Relative  Level  (dB)  Weighting  in  dB 


Frequency  (kHz) 


Figure  1.  The  empirical  P-'^eighting  function  from  Patterson  et 

al.  (1991)  (filled  symbols)  along  with  the  conventional 
A-weighting  function  (solid  line)  and  the  weighting 
function  inferred  from  the  blast  wave  data  of 
Patterson  and  HamerniJc  (1991)  (dotted  line)  . 


Frequency  (kHz) 


Figure  2.  The  narrow  band  impulse  pressure-time  waveform  (inset) 
and  the  relative  frequency  spectrum  of  the  impulse'  for 
the  2.075  kHz  CF,  13$  dB  peak  SPL  stimulus. 


Threshold  shift  (dB) 


0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 

Frequency  (kHz) 

Figure  3.  The  mean  preexposure  audiogram  for  all  12  chinchillas 

(symbols)  compared  to  that  of  Hiller  (1970)  (dashed  line) 
The  error  bars  represent  one  standard  deviation  above 
and  below  the  plotted  point. 
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Figure  4.  The  mean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  0.125  kHz  audiometric  test  frequency. 
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Figure  5.  The  mean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  0.250  kHz  audiometric  test  frequency. 
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Figure  6.  The  mean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  0.500  kHz  audiometric  test  frequency. 
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Figure  9.  The  wean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  2.000  kHz  audiometric  test  frequency. 
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Figure  10.  The  mean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  2.800  kHz  audiometric  test  frequency. 
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rure  11.  The  mean  threshold  recovery  curves  for  the  groups  exp 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL 
the  4.000  kHz  audiometric  test  frequency. 
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the  5. 700  kHz  audiomet 
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Figure  13.  The  wean  threshold  recovery  curves  for  the  groups  exposed 
to  the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL  for 
the  8.000  kHz  audiometric  test  freguency. 
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Figure  14.  The  group  mean  maximum  threshold  shift  for  each 
audiometric  test  freguency  following  exposure  to 
the  2.075  kHz  CF  impulse  at  the  indicated  peak  SPL. 


14 


sensory  cell  loss  data.  The  139-dB  peak  SPL  impulse  produced 
a  well  defined  lesion  in  the  2  kHz  region  of  the  cochlea,  while 
the  lesion  produced  by  the  134  dB  impulse  was  located  near  the 
1-kHz  region.  For  each  animal,  cochleograms  which  quantify  the 
sensory  population  of  the  noise  damaged  cochlea  are  also  shown 
in  the  appendix  along  with  group  mean  sensory  cell  loss  data. 

Following  the  analysis  procedures  used  in  Patterson  et 
al.,  (1991),  these  data  were  incorporated  into  the  P-weighting 
function.  Figure  17  shows  the  group  mean  PTS  measured  at  1,  2 
and  4  kHz  (PTs’*^'^)  for  the  two  groups  of  animals  exposed  to  the 
2.075  kHz  impulse  plotted  as  a  function  of  total  SEL  along  with 
the  data  from  Patterson  et  al.,  (1991),  which  were  used  to 
derive  the  P-weighting  function.  The  results  of  this  data 
reduction  for  the  2.075  kHz  impulse  are  very  similar  to  those 
of  the  1.025  kHz  impulse.  The  effect  of  shifting  these  data 
along  the  SEL  axis,  the  amount  necessary  to  collapse  the  data 
into  a  single  PTS  versus  SEL  function  using  the  1.350-kHz 
series  of  data  as  the  reference  point  is  shown  in  Figure  18. 

The  amounts  shifted  were:  0.260  kHz  CF  impulses,  -20  dB;  0.775 
kHz  CF  impulses,  -7.2  dB;  1.025  kHz  CF  impulses,  -4  dB;  1.350 
kHz  CF  impulses,  0  dB;  2.075  kHz  CF  imulses,  -4  dB;  2.450  kHz 
CF  impulses,  -4  dB  and  3.550  kHz  impulses,  +4  dB.  The  relative 
frequency  weighting  function  derived  from  the  shift  of  the  data 
shown  in  Figure  17  is  shown  in  Figure  19. 

Figure  20  shows  the  total  group  mean  sensory  cell  loss 
data  for  the  2.075  kHz  impulse  as  a  function  of  the  total  SEL 
along  with  the  Patterson  et  al.,  (1991),  data.  Applying  P- 
weighting  function  shown  in  Figure  19  to  the  sensory  cell  data 
produces  the  realignment  of  these  data  seen  in  Figure  21  thus 
reinforcing  the  validity  of  the  weighting  function.  A 
regression  line  through  these  sensory  cell  data  yields  a 
correlation  coefficient  of  0.849  and  0.841  for  the  outer  hair 
cell  and  inner  hair  cell  losses  respectively. 


Conclusions 


Both  the  audiometric  and  the  histological  results  indicate 
that  the  general  shape  of  the  P-weighting  function  proposed  in 
the  Patterson  et  al.,  (1991),  document,  in  the  vicinity  of  2 
kHz,  is  appropriate  for  narrow  band  impulse  exposures.  Thus, 
the  inconsistency  seen  in  the  2-kHz  region  when  P-weighting  is 
applied  to  blast  wave  transients  cannot  be  explained  on  the 
basis  of  the  proposed  shape  of  the  P-weighting  function.  The 
apparent  differences  between  the  narrow  based  impulses  and  the 
blast  wave  data  still  need  to  be  resolved. 
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Figure  17.  The  group  mean  PTS  evaluated  at  1,  2  and  4  kHZ 
(PTS^2,4^  3  function  of  the  total  sound- 

exposure  level  for  22  groups  of  animals 
exposed  to  various  narrow  band  impulses . 
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Fxgure  IS.  The  PTS  as  a  function  of  t.he  P-weighted 

total  sound  exposure  level.  The  regression 
li.ne  yields  a  correlation  coeffiuienz  of  0.398 
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Weighting  in  dB 


Frequency  (kHz) 


Figure  19.  The  empirical  P-weighting  function  (symbols)  derived 
from  the  narrow  band  exposure  data  along  with  the 
conventional  A-weighting  function  (solid  line) . 
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Total  OHC  Loss 
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Figure  20.  The  group  mean  total  outer  (upper)  and  inner 
(lower)  hair  cell  loss  as  a  function  of  the 
total  sound  exposure  level  for  22  groups  of 
animals  exposed  to  various  narrow  band  impulses . 
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Sound  exposure  level  (dB) 

Figure  21.  The  group  mean  total  outer  (upper)  and  inner  (lower)  hair 

cell  loss  as  a  function  of  the  P-weighted  total  sound  level. 
The  regression  lines  yield  correlation  coefficients  of  0.849 
and  0.841  for  outer  and  inner  hair  cell  loss  respectively. 
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Individual  data  and  Group 
summary  statistics. 
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Guide  to  the  appendix 


The  individual  data  and  summary  statistics  for  each 
experimental  group  are  presented  in  the  data  appendix  that 
follows.  The  following  paragraphs  present  a  brief  description 
of  the  contents  of  the  data  appendix.  In  this  summary,  only  a 
single  exposure  group  of  the  appendix  is  described.  All  the 
remaining  exposure  groups  are  organized  in  the  same  manner. 

Group  title  page 

The  group  title  page  indicates  the  exposure  that  each 
animal  in  this  group  received  (e.g.,  2075  Hz  center  frequency, 
134-dB  peak  SPL)  and  the  subjects  that  comprise  this  group. 

Preexposure  and  permanent  threshold  shift  audiograms 

The  top  panel  depicts  the  mean  preexposure  thresholds  for 
this  group.  The  error  bars  on  this  figure  and  all  others  in 
the  appendices  represent  one  standard  error  of  the  mean  plotted 
above  and  below  the  mean.  The  lower  panel  presents  the  group 
mean  PTS  measured  between  20  and  30  days  after  exposure. 

Preexposure,  postexposure,  and  PTS  measurements 

This  page  tabulates  the  pre-  and  postexposure  thresholds 
(in  dB  SPL)  for  each  subject  as  well  as  the  group  mean  and 
standard  deviation.  PTS  is  computed  by  subtracting  the  pre¬ 
exposure  threshold  from  the  postexposure  threshold  for  each 
subject. 


Temporary  threshold  shift 

This  table  presents  the  threshold  shift  for  each  of  the 
10  audiometric  frequencies  measured  immediately  after  exposure 
and  at  regular  intervals  up  to  30  days  postexposure. 

Total  cell  loss  summary 

The  total  sensory  cell  losses  for  this  group  are 
presented  in  the  top  portion  of  this  table.  The  lower  portion 
of  the  table  presents  the  mean  and  standard  deviation  for  the 
total  number  of  inner  and  outer  hair  cells  missing  along  octave 
band  lengths  of  the  cochlea. 
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Total  cell  losses 


The  total  sensory  cell  losses  in  octave  band  lengths  of 
the  cochlea  for  each  animal  that  comprises  the  exposure  group 
are  presented  in  this  table.  Also  included  at  the  end  of  the 
table  are  the  group  mean  and  standard  deviation  for  each  octave 
band  length. 

Present  sensory  cell  losses 

This  table  presents  the  percent  sensory  cell  losses  in 
octave  band  lengths  of  the  cochlea  for  each  animal  in  this 
group.  Also,  included  are  the  means  and  standard  deviation  for 
each  sensory  cell  and  octave  band  length. 

Cochleograms  and  PTS  audiograms 

These  figures  present  cochleograms  and  PTS  audiograms  for 
each  animal  in  the  exposure  group.  The  cochleograms  show  the 
percent  inner  and  outer  hair  cell  losses  for  each  0.24  mm 
segment  of  the  basilar  membrane.  The  PTS  audiogram  is  plotted 
to  allow  easy  comparison  of  the  PTS  and  cell  loss  resulting 
from  the  noise  exposure. 
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Summary  data  for  the  group  exposed  to 


2075  Hz  center  frequency,  134-dB  peak  SPL 


Animal  # 
S70 
T71 
U86 
U87 
U91 
UlOO 


Completed  the  entire  protocol 
Completed  the  entire  protocol 
Completed  the  entire  protocol 
Completed  the  entire  protocol 
Completed  the  entire  protocol 
Completed  the  entire  protocol 
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PTS  (dB)  dB  SPL 


2075  Hz  center  frequency,  1 34  dB  peak  SPL 
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2075  Hz  center  frequency,  134  dB  Peak  SPL 


Preexposure  thresholds  (dB  SPL) 


Animal\kHz 

.125 

0.25 

0.5 

1.0 

1.4 

o 

CM 

00 

CM 

4.0 

5.7 

8.0 

S70 

17.5 

10.5 

3.5 

1.5 

2.5 

-3.5 

-4.5 

-5.5 

5.5 

-1.5 

T71 

14.5 

6.5 

-1.5 

-2.5 

-1.5 

-5.5 

1.5 

-0.5 

4.5 

3.5 

U86 

16.5 

9.5 

3.5 

0.5 

-1.5 

-0.5 

0.5 

-1.5 

4.5 

1.5 

U87 

10.5 

10.5 

5.5 

-3.5 

-6.5 

-3.5 

3.5 

0.5 

7.5 

-0.5 

U91 

18.5 

10.5 

6.5 

-2.5 

-0.5 

0.5 

-2.5 

3.5 

-0.5 

6.5 

UlOO 

21.5 

10.5 

-0.5 

-0.5 

0.5 

-0.5 

3.5 

0.5 

6.5 

9.5 

Mean 

16.5 

9.7 

2.8 

-1.2 

-1.2 

-2.2 

0.3 

-0.5 

4.7 

3.2 

S.D. 

3.7 

1.6 

3.2 

2.0 

3.0 

2.3 

3.3 

3.0 

2.8 

4.2 

Postexposure  thresholds 

(dB 

SPL) 

Aniinal\kHz 

.125 

0.25 

0.5 

1.0 

1.4 

2.0 

2.8 

4.0 

5.7 

8.0 

S70 

38.0 

25.0 

11.0 

12.0 

7.0 

-6.0 

-4.0 

-10.0 

13.0 

7.0 

T71 

34.0 

14.0 

4.0 

-1.0 

1.0 

-3.0 

8.0 

2.0 

6.0 

6.0 

U86 

26.5 

23.5 

16.5 

7.5 

13.5 

13.5 

12.5 

7.5 

7.5 

10.5 

U87 

28.0 

41.0 

32.0 

22.0 

18.0 

23.0 

35.0 

14.0 

24.0 

9,0 

U91 

28.0 

21.0 

7.0 

3.0 

6.0 

1.0 

7.0 

5.0 

6.0 

10.0 

UlOO 

25.5 

7.5 

10.5 

6.5 

-6.5 

-4.5 

2.5 

-0.5 

4.5 

-1.5 

Mean 

30.0 

22.0 

13.5 

8.3 

6.5 

4.0 

10.2 

3.0 

10.2 

6.8 

S.D. 

4.9 

11.4 

10.0 

8.0 

8.7 

11.7 

13.4 

8.1 

7.4 

4.4 

Permanent 

threshold  ; 

shift 

(dB) 

Animal\kHz 

.125 

0.25 

0.5 

1.0 

1.4 

2.0 

2.8 

4.0 

5.7 

8.0 

S70 

20.5 

14.5 

7.5 

10.5 

4.5 

-2.5 

0.5 

-4.5 

7.5 

8.5 

T71 

19,5 

7.5 

5.5 

1,5 

2.5 

2.5 

6.5 

2.5 

1.5 

2.5 

U86 

10.0 

14.0 

13.0 

7.0 

15.0 

14.0 

12.0 

9.0 

3.0 

9.0 

U87 

17.5 

30.5 

26.5 

25.5 

24.5 

26.5 

31.5 

13.5 

16.5 

9.5 

U91 

9.5 

10.5 

0.5 

5.5 

6.5 

0.5 

9.5 

1.5 

6.5 

3.5 

UlOO 

4.0 

-3.0 

11.0 

7.0 

-7.0 

-4.0 

-1.0 

-1.0 

-2.0 

-11.0 

Mean 

13.5 

12.3 

10.7 

9.5 

7.7 

6.2 

9.8 

3.5 

5.5 

3.7 

S.D. 

6.6 

10.9 

8.9 

8.4 

10.9 

11.8 

11.7 

6.6 

6.4 

7.8 
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Temporary  Threshold  Shift  (dB) :  2075  Hz  center  frequency,  134  dB  Peak  SPL 
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Temporary  Threshold  Shift  (dB) :  2075  Hx  center  frequency,  134  dB  Peak  SPL 
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Temporary  Threshold  Shift  (dB) :  2075  Hz  center  frequency,  134  dB  Peak  SPL 
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Summary  of  group  anatomical  data 
with  cochleograms  and  PTS  audiograms 
for  individual  animals 
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2075  Hz  center  frequency,  134  dB  peak  SPL 


Total  number  of  cochlear  sensory  cells  missing 


1st  row 

2nd  row 

3rd  row 

Total 

Animal 

Inner 

outer 

outer 

outer 

outer 

number 

hair 

hair 

hai  r 

hair 

hair 

cells 

cells 

cells 

cells 

cells 

S70 

18 

84 

99 

159 

342 

T71 

5 

45 

61 

143 

249 

U86 

58 

105 

155 

183 

443 

U87 

132 

418 

435 

321 

1174 

U91 

58 

81 

95 

128 

304 

UlOO 

76 

163 

174 

273 

610 

Group  mean 

58 

520 

S.D. 

45 

345 

S.E. 

18 

141 

Total  sensory  cell  losses  over  octave  band  lengths  of  the 
cochlea  centered  at  the  frequencies  indicated 


Octave  band  Inner  Outer 

center  hair  hair 

frequency  cells  cells 

Group  means 


0.125  kHz 

1.7 

60.7 

0.25  kHz 

1.5 

63.2 

0.5  kHz 

1.5 

48.2 

1  kHz 

37.0 

195.5 

2  kHz 

11.7 

88.2 

4  kHz 

2.3 

22.0 

8  kHz 

1.2 

18.7 

16  kHz 

1.0 

24.0 

Standard  deviations 


0.125  kHz 

1.5 

26.3 

0.25  kHz 

1.6 

24.9 

0.5  kHz 

2.3 

28.7 

1  kHz 

37.3 

197.5 

2  kHz 

16.5 

128.5 

4  kHz 

2.0 

22.4 

8  kHz 

1.9 

14.9 

16  kHz 

2.0 

27.7 
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2075  Hz  center  frequency,  134  dB  peak  SPL 


Total  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb . 

Inne  r 

outer 

outer 

outer 

outer 

Inner 

Outer 

hair 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla 

S70 

125 

kHz 

1 

15 

24 

55 

94 

0 

2 

.25 

kHz 

3 

11 

11 

30 

52 

0 

1 

0.5 

kHz 

1 

14 

24 

14 

52 

0 

0 

1 

kHz 

2 

3 

10 

9 

22 

0 

0 

2 

kHz 

2 

9 

4 

5 

18 

0 

0 

4 

kHz 

3 

7 

4 

6 

17 

1 

0 

8 

kHz 

1 

5 

1 

7 

13 

0 

0 

16 

kHz 

5 

20 

21 

33 

74 

0 

0 

TOTALS 

18 

84 

99 

159 

342 

1 

3 

Chinchilla 

T71 

125  kHz 

3 

8 

13 

39 

60 

2 

1 

.25  kHz 

0 

4 

4 

42 

50 

0 

0 

0.5  kHz 

1 

20 

28 

35 

83 

0 

0 

1  kHz 

0 

3 

4 

7 

14 

0 

0 

2  kHz 

0 

3 

6 

10 

19 

0 

0 

4  kHz 

1 

2 

2 

4 

8 

0 

0 

8  kHz 

0 

3 

3 

4 

10 

0 

0 

16  kHz 

0 

2 

1 

2 

5 

0 

0 

TOTALS 

5 

45 

61 

143 

249 

2 

1 

Chinchilla 

U86 

125 

kHz 

1 

2 

3 

18 

23 

0 

0 

.25 

kHz 

0 

7 

20 

29 

56 

0 

0 

0.5 

kHz 

1 

4 

28 

18 

50 

0 

0 

1 

kHz 

47 

76 

83 

74 

233 

95 

65 

2 

kHz 

3 

6 

6 

9 

21 

0 

0 

4 

kHz 

5 

4 

8 

6 

18 

0 

0 

8 

kHz 

1 

5 

6 

29 

40 

0 

0 

16 

kHz 

0 

1 

1 

0 

2 

0 

0 

TOTALS 

58 

105 

155 

183 

443 

95 

65 
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2075  Hz  center  frequency,  134  dB  peak  SPL 
Total  sensory  cell  losses  over  octave  band  frequencies 


Inner 

hair 

cells 


1st  row  2nd  row 
outer  outer 
hair  hair 
cells  cells 


3rd  row  Comb, 
outer  outer 
hair  hair 
cells  cells 


Inner  Outer 
pillar  pillar 
cells  cells 


Chinchilla  U87 


0.125  kHz 

1 

8 

13 

27 

48 

0 

1 

A 

0.25  kHz 

1 

8 

33 

47 

88 

0 

0 

0.5  kHz 

0 

22 

30 

22 

7  4 

0 

1 

1  kHz 

87 

251 

145 

115 

511 

165 

105 

2  kHz 

42 

97 

159 

86 

342 

69 

57 

4  kHz 

1 

18 

43 

6 

67 

0 

0 

6  kHz 

0 

8 

10 

17 

35 

0 

0 

16  kHz 

0 

6 

2 

1 

9 

0 

0 

TOTALS 

132 

418 

435 

321 

1174 

234 

164 

Chinchilla  U91 


0.125  kHz 

4 

8 

20 

24 

52 

0 

0 

A 

0.25  kHz 

4 

4 

9 

21 

34 

0 

0 

0.5  kHz 

6 

2 

2 

9 

13 

0 

0 

1  kHz 

14 

21 

19 

32 

72 

25 

15 

2  kHz 

20 

36 

35 

31 

102 

48 

29 

4  kHz 

4 

2 

4 

3 

9 

0 

0 

8  kHz 

5 

1 

0 

5 

6 

0 

0 

16  kHz 

1 

7 

6 

3 

16 

0 

0 

TOTALS 

58 

81 

95 

128 

304 

73 

44 

Chinchilla 

UlOO 

0.125 

kHz 

0 

4 

28 

55 

87 

0 

0 

0.25 

kHz 

1 

10 

14 

75 

99 

0 

0 

0 . 5 

kHz 

0 

5 

2 

10 

17 

0 

1 

1 

kHz 

72 

113 

105 

103 

321 

155 

101 

2 

kHz 

3 

13 

8 

6 

27 

4 

8 

4 

kHz 

0 

4 

3 

6 

13 

0 

0 

8 

kHz 

0 

3 

2 

3 

8 

0 

0 

16 

kHz 

0 

11 

12 

15 

38 

0 

0 

TOTALS 

76 

163 

174 

273 

610 

159 

110 

2075  Hz  center  frequency,  134  dB  peak  SPL 
Total  sensory  cell  losses  over  octave  band  frequencies 


1st  row  2nd  row  3rd  row  Comb. 


Inner 

outer 

oute  r 

outer 

outer 

Inner 

Outer 

hai  r 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Group  means 

0.125  kHz  1.7 

7.5 

16.8 

36.3 

60.7 

0.3 

0.7 

0.25 

kHz 

1.5 

7.3 

15.2 

40.7 

63.2 

0.0 

0.2 

0.5 

kHz 

1.5 

11.2 

19.0 

18.0 

48.2 

0.0 

0.3 

1 

kHz 

37.0 

77.8 

61.0 

56.7 

195.5 

73.3 

47.7 

2 

kHz 

11.7 

27.3 

36.3 

24.5 

88.2 

20.2 

15.7 

4 

kHz 

2.3 

6.2 

10.7 

5.2 

22.0 

0.2 

0.0 

8 

kHz 

1.2 

4.2 

3.7 

10.8 

18.7 

0.0 

0.0 

16 

kHz 

1.0 

7.8 

7.2 

9.0 

24.0 

0.0 

0.0 

TOTALS 

57.8 

149.3 

169.8 

201.2 

520.3 

94.0 

64.5 

Group  standard 

deviations 

0.125 

kHz 

1.5 

4.5 

9.0 

16.0 

26.3 

0.8 

0.8 

0.25 

kHz 

1.6 

2.9 

10.2 

19.3 

24.9 

0.0 

0.4 

0.5 

kHz 

2.3 

8.7 

13.3 

9.7 

28.7 

0.0 

0.5 

1 

kHz 

37.3 

95.6 

58.5 

47.3 

197.5 

75.7 

49.1 

2 

kHz 

16.5 

36.1 

61.2 

31.6 

128.5 

30.5 

23.2 

4 

kHz 

2.0 

6.1 

16.0 

1.3 

22.4 

0.4 

0.0 

8 

kHz 

1.9 

2.4 

3.7 

10.2 

14.9 

0.0 

0.0 

16 

kHz 

2.0 

7.0 

8.0 

13.0 

27.7 

0.0 

0.0 

TOTALS 

45.2 

137.2 

136.4 

77.9 

344 . 5 

91.0 

63.6 
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2075  Hz  center  frequency,  134  dB  peak  SPL 
Percent  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb. 

Inner 

outer 

outer 

outer 

outer 

Inner 

Outer 

hair 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla 

S70 

1 

0.125 

kHz 

0.7 

7.6 

12.2 

27.9 

15.9 

0.0 

1.0 

0.25 

kHz 

1.1 

3.2 

3.2 

8.7 

5.0 

0.0 

0.3 

0.5 

kHz 

0.4 

4.1 

7.0 

4.1 

5.1 

0.0 

0.0 

1 

kHz 

0.8 

0.9 

3.0 

2.7 

2.2 

0.0 

0.0 

2 

kHz 

0.8 

2.7 

1.2 

1.5 

1.8 

0.0 

0.0 

4 

kHz 

1.1 

2.1 

1.2 

1.8 

1.7 

0.2 

0.0 

8 

kHz 

0.4 

1.5 

0.3 

2.1 

1.3 

0.0 

0.0 

16 

kHz 

2.1 

6.7 

7.0 

11.0 

8.2 

0.0 

0.0 

Chinchilla  T71 


0.125 

kHz 

2.2 

4.4 

7.2 

21.7 

11,1 

0.7 

0.6 

0.25 

kHz 

0.0 

1.3 

1.3 

13.3 

5.3 

0.0 

0.0 

0.5 

kHz 

0.4 

6.3 

8.9 

11.1 

8.8 

0.0 

0.0 

1 

kHz 

0.0 

1.0 

1.3 

2.3 

1.5 

0.0 

0.0 

2 

kHz 

0.0 

1.0 

2.0 

3.3 

2.1 

0.0 

0.0 

4 

kHz 

0.4 

0.7 

0.7 

1.3 

0.9 

0.0 

0.0 

8 

kHz 

0.0 

1.0 

1.0 

1 . 3 

1.1 

0.0 

0.0 

16 

kHz 

0.0 

0.7 

0.4 

0.7 

0.6 

0.0 

0.0 

Chinchilla  U86 


0.125 

kHz 

0.7 

1.1 

1.6 

9.7 

4.1 

0.0 

0.0 

0.25 

kHz 

0.0 

2.1 

6.1 

8.9 

5.7 

0.0 

0.0 

0.5 

kHz 

0.4 

1.2 

8.6 

5.5 

5.1 

0.0 

0.0 

1 

kHz 

19.6 

24.5 

26.8 

23.9 

25.1 

19.0 

21.0 

2 

kHz 

1.3 

1.9 

1.9 

2.8 

2.2 

0.0 

0.0 

4 

kHz 

2.0 

1.3 

2.5 

1.9 

1.9 

0.0 

0.0 

8 

kHz 

0.4 

1.6 

1.9 

9.1 

4.2 

0.0 

0.0 

16 

kHz 

0.0 

0.4 

0.4 

0.0 

0.3 

0.0 

0.0 
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2075  Hz  center  frequency,  134  dB  peak  SPL 
Percent  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb . 

Inner 

oute  r 

outer 

outer 

outer 

inner 

Outer 

hai  r 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla  U87 

0.125 

kHz 

0.7 

4.5 

7.3 

15.2 

9.0 

0.0 

0.6 

0.25 

kHz 

0.4 

2.6 

10.6 

15.1 

9.4 

0.0 

0.0 

0.5 

kHz 

0.0 

7.1 

9.6 

7.1 

7.9 

0.0 

0.3 

1 

kHz 

38.0 

84.8 

49.0 

38.9 

57.6 

34.5 

35.5 

2 

kHz 

18.5 

32.0 

52.5 

28.4 

37.6 

14.1 

18.8 

4 

kHz 

0.4 

6.0 

14.2 

2.0 

7.4 

0.0 

0.0 

8 

kHz 

0.0 

2.6 

3.3 

5.6 

3.8 

0.0 

0.0 

16 

kHz 

0.0 

2.2 

0.7 

0.4 

1.1 

0.0 

0.0 

Chinchilla  U91 


0.125 

kHz 

2.9 

4.3 

10.8 

13.0 

9.4 

0.0 

0.0 

0.25 

kHz 

1.6 

1.2 

2.8 

6.5 

3.5 

0.0 

0.0 

0.5 

kHz 

2.5 

0.6 

0.6 

2.8 

1.3 

0.0 

0.0 

1 

kHz 

5.9 

6.8 

6.2 

10.4 

7.8 

5.0 

4.9 

2 

kHz 

8.5 

11.4 

11.1 

9.8 

10.8 

9.4 

9.2 

4 

kHz 

1.6 

0.6 

1.3 

1.0 

1.0 

0.0 

0.0 

8 

kHz 

2.0 

0.3 

0.0 

1.6 

0.6 

0.0 

0.0 

16 

kHz 

0 . 4 

2.5 

2.1 

1.1 

1.9 

0.0 

0.0 

Chinchilla  UlOO 


0 . 125 

kHz 

0.0 

2.2 

15.3 

30.1 

15.9 

0.0 

0.0 

0.25 

kHz 

0.4 

3.1 

4 . 4 

23.4 

10.3 

0.0 

0.0 

0.5 

kHz 

0.0 

1.6 

0.6 

3.1 

1.8 

0.0 

0.3 

1 

kHz 

30.4 

37.0 

34.4 

33.8 

35.1 

31.5 

33.1 

2 

kHz 

1.3 

4.2 

2.6 

1.9 

2.9 

0.8 

2.6 

4 

kHz 

0.0 

1.3 

1.0 

1.9 

1.4 

0.0 

0.0 

8 

kHz 

0.0 

1.0 

0.6 

1.0 

0.9 

0.0 

0.0 

16 

kHz 

0.0 

4.0 

4.3 

5.4 

4 . 6 

0.0 

0.0 
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2075  Hz  center  frequency,  134  dB  peak  SPL 
Percent  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb . 

Inne  r 

outer 

outer 

outer 

outer 

Inner 

Outer 

hair 

hair 

hair 

hai  r 

hai  r 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Group  means 


0.125 

kHz 

1.20 

4.02 

9.07 

0.25 

kHz 

0.58 

2.25 

4.73 

0.5 

kHz 

0.62 

3.48 

5.88 

1 

kHz 

15.78 

25.83 

20.12 

2 

kHz 

5.07 

8.87 

11.88 

4 

kHz 

0.92 

2.00 

3 . 48 

8 

kHz 

0.47 

1.33 

1.18 

16 

kHz 

0.42 

2.75 

2.48 

Group  standard  deviations 


0.125 

kHz 

1.10 

2.24 

4.78 

0.25 

kHz 

0.64 

0.87 

3.29 

0.5 

kHz 

0.94 

2.77 

4.18 

1 

kHz 

16.08 

32.26 

19.61 

2 

kHz 

7.27 

11.93 

20.24 

4 

kHz 

0.78 

2.03 

5.29 

8 

kHz 

0.78 

0.77 

1.23 

16 

kHz 

0.84 

2.33 

2.67 

19.60  10.89  0.12  0.37 

12.65  6.54  0.00  0.05 

5.62  4.99  0.00  0.10 

18.67  21.54  15.00  15.75 

7.95  9.57  4.05  5.10 

1.65  2.38  0.03  0.00 

3.45  1.99  0.00  0.00 

3.10  2.78  0.00  0.00 


8.30 

4.50 

0.29 

0.43 

6.16 

2.69 

0.00 

0.12 

3.13 

3.06 

0.00 

0.15 

15.86 

22.16 

15.61 

16.32 

10.47 

14.17 

6.15 

7.60 

0.40 

2.49 

0.08 

0.00 

3.24 

1.59 

0.00 

0.00 

4 . 34 

3.09 

0.00 

0.00 
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Percent  cell  loss  Percent  cell  loss 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 


0  20  40  60  80  100 


Percent  total  distance  from  apex 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 


0  20  40  60  80  100 


Percent  total  distance  from  apex 
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PTS  (dB)  PTS  (dB) 


Percent  cell  loss  Percent  cell  loss 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 


cn 

lO 

CO 

H 

a. 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 
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PTS( 


Percent  cell  loss  Percent  cell  loss 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 


Frequency  (kHz) 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.8 
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)  Sid 


Summary  data  for  the  group  exposed  to 
2075  Hz  center  frequency,  139-dB  peak  SPL 

Animal  # 

U92  -  Completed  the  entire  protocol 
U108  -  Completed  the  entire  protocol 


U112 

Completed 

U113 

- 

Completed 

U178 

- 

Completed 

U181 

- 

Completed 

the  entire  protocol 
the  entire  protocol 
the  entire  protocol 
the  entire  protocol 


2075  Hz  center  frequency,  139  dB  peak  SPL 

I _ _ _ _ _ i — I — ■  . ] - 1 _ I — , — I  I  .  ■  I — 


I  f  t  '  ■  I  "  T  f  T  I  I  f  -I  —.1  pi  ■  I  y  I  I  I  f  f  I  1  I  H 

0.12  0.2  0.5  1.0  2.0  5.0  10.0  20.1 

Frequency  (kHz) 


L 


I  lilt  t  t 


1 


j 


Frequency  (kHz) 
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2075  Hz  center  frequency,  139  dB  Peak  SPL 
Preexposure  thresholds  (dB  SPL) 


AnimalNkHz 

.125 

.25 

0.5 

1.0 

1.4 

o 

CM 

2.8 

4.0 

5.7 

8.0 

U92 

18.5 

4.5 

0.5 

-1.5 

-0.5 

-1.5 

1.5 

-2.5 

1.5 

3.5 

U108 

23.5 

11.5 

1.5 

7.5 

5.5 

3.5 

0.5 

10.5 

6.5 

2.5 

U112 

19.5 

-0.5 

3.5 

-0.5 

-2.5 

-4.5 

7.5 

1.5 

-3.5 

-1.5 

U113 

6.5 

12.5 

-0.5 

5.5 

3.5 

1.5 

-1.5 

-1.5 

-1.5 

1.5 

U178 

17.5 

8.5 

7.5 

-1.5 

0.5 

0.5 

-2.5 

2.5 

0.5 

2.5 

U181 

17.5 

11.5 

-2.5 

1.5 

-2.5 

-0.5 

-0.5 

-4.5 

1.5 

0.5 

Mean 

17.2 

8.0 

1.7 

1.8 

0.7 

-0.2 

0.8 

1.0 

0.8 

1.5 

S.D. 

5.7 

5.1 

3.5 

3.8 

3.3 

2.7 

3.6 

5.3 

3.4 

1.8 

Postexposure  thresholds  (dB  SPL) 


AnimalNkHz 

.125 

.25 

0.5 

1.0 

1.4 

2.0 

2.8 

4.0 

5.7 

8.0 

U92 

24.5 

16.5 

14.5 

8.5 

17.5 

22.5 

13.5 

12.5 

6.5 

9.5 

U108 

75.0 

70.0 

49.0 

47.0 

41.0 

47.0 

49.0 

42.0 

51.0 

28.0 

U112 

47.0 

11.0 

27.0 

9.0 

7.0 

15.0 

16.0 

23.0 

20.0 

5.0 

U113 

14.0 

30.0 

7.0 

16.0 

16.0 

7.0 

-2.0 

-4.0 

10.0 

5.0 

U178 

37.0 

24.0 

11.0 

11.0 

11.0 

4.0 

1.0 

6.0 

6.0 

9.0 

U181 

42.0 

21.0 

17.0 

23.0 

16.0 

20.0 

31.0 

19.0 

19.0 

19.0 

Mean 

39.9 

28.8 

20.9 

19.1 

18.1 

19.3 

18.1 

16.4 

18.8 

12.6 

S.D. 

21.0 

21.2 

15.3 

14.7 

11.9 

15.4 

19.2 

15.8 

16.9 

9.1 

Permanent  threshold  shift  (dB) 


AnimalNkHz 

.125 

.25 

0.5 

1.0 

1.4 

o 

Csl 

2.8 

4.0 

5.7 

00 

o 

U92 

6.0 

9.0 

14.0 

8.0 

19.0 

24.0 

10.0 

17.0 

3.0 

7.0 

U108 

51.5 

58.5 

47.5 

39.5 

35.5 

43.5 

48.5 

31.5 

44.5 

25.5 

U112 

27.5 

11.5 

23.5 

9.5 

9.5 

19.5 

8.5 

21.5 

23.5 

6.5 

U113 

7.5 

17.5 

7.5 

10.5 

12.5 

5.5 

-0.5 

-2.5 

11.5 

3.5 

U178 

19.5 

15.5 

3.5 

12.5 

10.5 

3.5 

3.5 

3.5 

5.5 

6.5 

U181 

24.5 

9.5 

19.5 

21.5 

18.5 

20.5 

31.5 

23.5 

17.5 

18.5 

Mean 

22.4 

22.4 

19.2 

16.0 

17.4 

19.2 

14.0 

14.2 

17.6 

9.8 

S.D. 

18.5 

20.5 

17.5 

13.2 

10.8 

16.2 

19.7 

13.7 

17.0 

8.9 
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Temporary  Threshold  Shift  (dB) :  2075  Hz  center  frequency,  139  dB  Peak  SPL 
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Temporary  Threshold  Shift  (dB> :  2015  Hz  center  frequency,  139  dB  Peak  SPL 
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Temporary  Threshold  Shift  (dR) :  20/5  Hz  center  frequency,  139  dB  Peak  SPI. 
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Summary  of  group  anatomical  data 
with  cochleograms  and  PTS  audiograms 
for  individual  animals 
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2075  Hz  center  frequency,  139  dB  peak  SPL 


Total  number  of  cochlear  sensory  cells  missing 


1st  row 

2nd  row 

3rd  row 

Total 

Animal 

Inner 

outer 

outer 

outer 

outer 

number 

hair 

hair 

hair 

hair 

hair 

cells 

cells 

cells 

cells 

cells 

U92 

13 

548 

495 

523 

1566 

U108 

237 

618 

633 

650 

1901 

U112 

39 

132 

160 

162 

454 

U113 

6 

37 

25 

52 

114 

U178 

41 

355 

349 

339 

1043 

U181 

217 

935 

944 

885 

2764 

Group  mean 

92 

1307 

S  .D. 

106 

976 

S.E. 

43 

398 

Total  sensory  cell  losses  over  octave  band  lengths  of  the 
cochlea  centered  at  the  frequencies  indicated 


Octave  band 
cente  r 
frequency 


Group  means 


0.125  kHz 
0.25  kHz 
0.5  kHz 

1  kHz 

2  kHz 
4  kHz 
8  kHz 

16  kHz 

Standard  deviations 

0.125  kHz 
0.25  kHz 
0.5  kHz 

1  kHz 

2  kHz 
4  kHz 
8  kHz 

16  kHz 


Inner 

hair 

cells 


1 . 3 
1.5 
0.7 

31.2 

51.3 
1.5 

4 . 3 
0.3 


1.0 

1.0 

1.2 

49.2 

57.1 

1.4 

9.7 

0.5 


Outer 

hair 

cells 


59.3 

41.3 
47.8 

345.3 

552.3 

222.3 
32.7 

5.8 


31.9 

19.1 

25.0 

341.3 

394.9 

350.0 

44.7 

4.6 
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2075  Hz  center  frequency,  139  dB  peak  SPL 
Total  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb . 

Inner 

outer 

outer 

outer 

outer 

Inner 

Outer 

hair 

hair 

hair 

hai  r 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla 

U92 

125  kHz 

1 

9 

17 

67 

93 

0 

2 

.25  kHz 

1 

19 

7 

45 

71 

0 

0 

0.5  kHz 

1 

31 

5 

14 

50 

0 

0 

1  kHz 

2 

59 

48 

37 

144 

0 

0 

2  kHz 

2 

325 

323 

262 

910 

0 

9 

4  kHz 

3 

81 

72 

69 

222 

1 

5 

8  kHz 

2 

20 

19 

23 

62 

1 

4 

16  kHz 

1 

4 

4 

6 

14 

0 

0 

TOTALS 

13 

548 

495 

523 

1566 

2 

20 

Chinchilla  U108 


0.125 

kHz 

1 

2 

15 

0.25 

kHz 

2 

4 

12 

0.5 

kHz 

0 

16 

35 

1 

kHz 

121 

275 

263 

2 

kHz 

112 

299 

292 

4 

kHz 

1 

15 

11 

8 

kHz 

0 

7 

4 

16 

kHz 

0 

0 

1 

TOTALS  237  618  633 


35 

52 

0 

1 

9 

25 

0 

0 

27 

78 

0 

2 

254 

792 

264 

175 

308 

899 

247 

180 

15 

41 

0 

0 

2 

13 

0 

0 

0 

1 

0 

0 

650 

1901 

511 

358 

Chinchilla  U112 


0.125 

kHz 

2 

6 

8 

0.25 

kHz 

1 

5 

4 

0.5 

kHz 

3 

8 

14 

1 

kHz 

3 

15 

23 

2 

kHz 

29 

51 

57 

4 

kHz 

0 

43 

51 

8 

kHz 

0 

2 

2 

16 

kHz 

1 

2 

1 

TOTALS  39  132  160 


20 

34 

0 

2 

24 

33 

0 

0 

13 

35 

0 

0 

14 

52 

12 

7 

45 

153 

71 

40 

43 

137 

0 

0 

2 

6 

0 

0 

1 

4 

0 

0 

162 

454 

83 

49 
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2075 

Hz  center  frequency,  139  dB 

peak  SPL 

Total  sensory  cell  losses  over 

octave 

band  frequencies 

1st  row 

2nd  row 

3rd  row 

Comb. 

Outer 

Inner 

outer 

outer 

outer 

outer 

Inner 

hair 

hair 

hair 

hai  r 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla  U113 

• 

0.125  kHz 

3 

6 

5 

18 

29 

0 

0 

0.25  kHz 

2 

11 

0 

9 

20 

0 

0 

0.5  kHz 

0 

6 

6 

9 

21 

0 

1 

1  kHz 

1 

8 

7 

5 

20 

0 

1 

2  kHz 

0 

1 

4 

5 

10 

0 

0 

4  kHz 

0 

0 

2 

5 

7 

0 

0 

8  kHz 

0 

2 

0 

1 

3 

0 

0 

16  kHz 

0 

3 

1 

0 

4 

0 

0 

TOTALS 

6 

37 

25 

52 

114 

0 

2 

Chinchilla  U178 

0.125  kHz 

1 

9 

25 

71 

105 

0 

1 

0.25  kHz 

3 

1 

4 

47 

52 

0 

0 

0.5  kHz 

0 

6 

2 

18 

26 

0 

1 

1  kHz 

3 

150 

129 

52 

331 

3 

4 

2  kHz 

32 

182 

185 

146 

513 

73 

47 

4  kHz 

2 

3 

4 

4 

11 

0 

0 

8  kHz 

0 

0 

0 

1 

1 

0 

0 

16  kHz 

0 

4 

0 

0 

4 

0 

0 

TOTALS 

41 

355 

349 

339 

1043 

76 

53 

Chinchilla  U181 

0.125  kHz 

0 

4 

12 

27 

43 

0 

2 

0.25  kHz 

0 

3 

3 

41 

47 

0 

1 

0.5  kHz 

0 

10 

8 

59 

77 

0 

0 

1  kHz 

57 

272 

265 

196 

733 

170 

97 

2  kHz 

133 

283 

281 

265 

829 

303 

174 

4  kHz 

3 

310 

327 

279 

916 

1 

0 

8  kHz 

24 

47 

47 

17 

111 

0 

0 

16  kHz 

0 

6 

1 

1 

8 

0 

0 

TOTALS 

217 

935 

944 

885 

2764 

474 

274 
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2075  Hz  center  frequency,  139  dB  peak  SPL 
Total  sensory  cell  losses  over  octave  band  frequencies 


1st  row  2nd  row  3rd  row  Comb. 


Inne  r 

outer 

outer 

outer 

outer 

Inner 

Outer 

hair 

hai  r 

hair 

hai  r 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Group  means 

0.125 

kHz 

1.3 

6.0 

13.7 

39.7 

59.3 

0.0 

1.3 

0.25 

kHz 

1.5 

7.2 

5.0 

29.2 

41.3 

0 . 0 

0 . 2 

0.5 

kHz 

0.7 

12.8 

11.7 

23.3 

47.8 

0.0 

0.7 

1 

kHz 

31.2 

129.8 

122.5 

93.0 

345.3 

74.8 

47.3 

2 

kHz 

51.3 

190.2 

190.3 

171.8 

552.3 

115.7 

75.0 

4 

kHz 

1.5 

75.3 

77.8 

69.2 

222.3 

0.3 

0 . 8 

8 

kHz 

4.3 

13.0 

12.0 

7.7 

32.7 

0.2 

0.7 

16 

kHz 

0.3 

3.2 

1.3 

1.3 

5.8 

0.0 

0 . 0 

TOTALS 

92.2 

437.5 

434.3 

435.2 

1307.0 

191.0 

126.0 

Group  standard 

deviations 

0.125 

kHz 

1.0 

2.8 

7.1 

2.*  .  5 

31.9 

0.0 

0.8 

0.25 

kHz 

1.0 

6.7 

4.1 

17.6 

19.1 

0.0 

0 . 4 

0.5 

kHz 

1.2 

9.6 

12.1 

18.5 

25.0 

0.0 

0 . 8 

1 

kHz 

49.2 

122.3 

117.4 

105.2 

341.3 

114.1 

73.0 

2 

kHz 

57.1 

137.0 

133.2 

126.4 

394.9 

128.8 

81 . 0 

4 

kHz 

1.4 

118.9 

125.3 

105.8 

350.0 

0.5 

2.0 

8 

kHz 

9.7 

18.2 

18.6 

9.8 

44.7 

0.4 

1 . 6 

16 

kHz 

0.5 

2.0 

1.4 

2.3 

4.6 

0.0 

0 . 0 

TOTALS 

105.5 

332.5 

332.6 

312.1 

976.0 

236.5 

150.7 
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2075 

Hz  center  frequency. 

139  dB  peak  SPL 

Percent  sensory  cell  losses  over  octave 

1st  row  2nd  row  3rd  row  Comb. 

band  frequencies 

Inner 

oute  r 

outer 

outer 

oute  r 

Inner 

Outer 

hair 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

Chinchilla  U92 

cells 

cells 

cells 

cells 

cells 

cells 

0,125  kHz 

0.7 

4.7 

8.9 

34.9 

16.2 

0,0 

1.0 

0.25  kHz 

0.4 

5.7 

2.1 

13.4 

7.1 

0.0 

0.0 

0.5  kHz 

0.4 

9.2 

1.5 

4.2 

5.0 

0.0 

0 . 0 

1  kHz 

0.8 

18.4 

15.0 

11.6 

15.0 

0 . 0 

0 . 0 

2  kHz 

0.8 

99.4 

98.8 

80.1 

92.8 

0.0 

2 . 8 

4  kHz 

1.2 

24.8 

22.1 

21.2 

22.7 

0 . 2 

1 . 5 

8  kHz 

0.8 

6.1 

5.8 

7.0 

6.3 

0 . 2 

1 . 2 

16  kHz  0.4 

Chinchilla  U108 

1.4 

1.4 

2.1 

1.6 

0 . 0 

0 . 0 

i 

0.125  kHz 

0,7 

1.1 

7.9 

18.5 

9.2 

0.0 

0.5 

0.25  kHz 

0.8 

1.2 

3.6 

2.7 

2.5 

0 . 0 

0 . 0 

0.5  kHz 

0.0 

4.8 

10.6 

8.2 

7.9 

0 . 0 

0 . 6 

1  kHz 

49.6 

87.3 

83.5 

80.6 

83.8 

51.9 

55.6 

2  kHz 

46.5 

92.6 

90.4 

95.4 

92.8 

47.5 

55.7 

4  kHz 

0.4 

4 . 7 

3.4 

4.7 

4.3 

0.0 

0.0 

8  kHz 

0.0 

2.2 

1.2 

0.6 

1.3 

0.0 

0 . 0 

16  kHz  0.0 

Chinchilla  U112 

0 . 0 

0 . 3 

0.0 

0.1 

0.0 

0 . 0 

0.125  kHz 

1.4 

3.1 

4.2 

10.5 

5.9 

0.0 

1.0 

0.25  kHz 

0,4 

1.5 

1.2 

7.2 

3.3 

0 . 0 

0 . 0 

0.5  kHz 

1.2 

2.4 

4.2 

3.9 

3.5 

0.0 

0.0 

1  kHz 

1.2 

4.7 

7.2 

4.4 

5.4 

2.3 

2 . 2 

2  kHz 

12.0 

15.6 

17.5 

13.8 

15.6 

13.5 

12 . 3 

4  kHz 

0.0 

13.2 

15.7 

13.2 

14.0 

0.0 

0.0 

8  kHz 

0.0 

0.6 

0.6 

0.6 

0.6 

0.0 

0.0 

16  kHz 

0.4 

0.7 

0.3 

9« 

0.3 

0.4 

0.0 

0.0 

2075  Hz  center  frequency,  139  dB  peak  SPL 
Percent  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb . 

Inner 

oute  r 

outer 

outer 

outer 

Inner 

Oute  r 

hair 

hair 

hair 

hair 

hai  r 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Chinchilla 

U113 

0.125 

kHz 

2.0 

3.1 

2.6 

9.3 

5.0 

0.0 

0.0 

0.25 

kHz 

0.8 

3.2 

0.0 

2.6 

1.9 

0 . 0 

0.0 

0.5 

kHz 

0.0 

1.8 

1.8 

2.6 

2.1 

0 . 0 

0.3 

1 

kHz 

0.4 

2.5 

2.2 

1 . 5 

2.1 

0 . 0 

0.3 

2 

kHz 

0.0 

0.3 

1.2 

1.5 

1.0 

0.0 

0.0 

4 

kHz 

0.0 

0.0 

0.6 

1 . 5 

0.7 

0.0 

0.0 

8 

kHz 

0.0 

0.6 

0.0 

0.3 

0.3 

0 . 0 

0.0 

16 

kHz 

0.0 

1.0 

0.3 

0.0 

0.4 

0.0 

0.0 

Chinchilla  U178 


0.125 

kHz 

0.7 

4.7 

13.0 

36.8 

18.2 

0.0 

0.5 

0.25 

kHz 

1.2 

0.3 

1.2 

13.9 

5.1 

0 . 0 

0.0 

0.5 

kHz 

0.0 

1.8 

0.6 

5.3 

2.6 

0.0 

0.3 

1 

kHz 

1.2 

46.7 

40.2 

16.2 

34.4 

0.6 

1.2 

2 

kHz 

13.0 

55.3 

56.2 

44  .  4 

52.0 

13.8 

14 . 3 

4 

kHz 

0.8 

0.9 

1.2 

1 . 2 

1.1 

0 . 0 

0.0 

8 

kHz 

0.0 

C  0 

0 . 0 

0  .  ? 

0.1 

0.0 

0.0 

16 

kHz 

0.0 

1 . 4 

0 . 0 

0.0 

0.5 

0.0 

0.0 

Chinchilla  LJ181 


0.125 

kHz 

0.0 

2.0 

5.9 

13.4 

7.1 

0.0 

1.0 

0.25 

kHz 

0.0 

0.8 

0.8 

11.6 

4 . 4 

0.0 

0.3 

0.5 

kHz 

0.0 

2.8 

2.3 

16.7 

7.3 

0.0 

0.0 

1 

kHz 

21.8 

81 . 0 

78.9 

58.3 

72.7 

31.4 

28.9 

2 

kHz 

51.8 

82.3 

81.7 

77.0 

80.3 

54.6 

50.6 

4 

kHz 

1.1 

90.4 

95.3 

81 . 3 

89.0 

0.2 

0.0 

8 

kHz 

8.7 

13.7 

13.7 

4.9 

10.8 

0.0 

0.0 

16 

kHz 

0.0 

2.0 

0.3 

0.3 

0.9 

0.0 

0.0 
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2075  Hz  center  frequency,  139  dB  peak  SPL 
Percent  sensory  cell  losses  over  octave  band  frequencies 


1st  row 

2nd  row 

3rd  row 

Comb. 

Inner 

outer 

outer 

outer 

outer 

Inner 

Outer 

ha  i  r 

hair 

hair 

hair 

hair 

pillar 

pillar 

cells 

cells 

cells 

cells 

cells 

cells 

cells 

Group  means 

0 .125 

kHz 

0.92 

3.12 

7.08 

20.57 

10.26 

0.00 

0.67 

0 .25 

kHz 

0.60 

2.12 

1.48 

8.57 

4.06 

0.00 

0.05 

0 . 5 

kHz 

0.27 

3.80 

3.50 

6.82 

4.71 

0.00 

0.20 

1 

kHz 

12.50 

40.10 

37.83 

28.77 

35.57 

14.37 

14.70 

2 

kHz 

20.68 

57.58 

57.63 

52.03 

55.75 

21.57 

22.62 

4 

kHz 

0.58 

22.33 

23.05 

20.52 

21.97 

0.07 

0.25 

8 

kHz 

1.58 

3.87 

3.55 

2.28 

3.23 

0.03 

0.20 

16 

kHz 

0.13 

1.08 

0.43 

0.45 

0.66 

0.00 

0 .00 

Group  standard 

deviations 

0.125 

kHz 

0.69 

1.44 

3.71 

12.27 

5.57 

0.00 

0.41 

0 ,25 

kHz 

0.42 

2.01 

1.24 

5.16 

1.89 

0 .00 

0.12 

0 . 5 

kHz 

0.48 

2.87 

3,68 

5.20 

2.43 

0.00 

0.24 

1 

kHz 

20.01 

37.64 

36.07 

32.71 

35.11 

22.12 

22.96 

2 

kHz 

22.77 

41.56 
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Commander,  U.S.  Army  Natick  Research, 
Development  and  Evaluation  Center 
ATTN:  STRNC-MIL  (Documents 
Librarian) 

Natick,  MA  01760-5040 

Naval  Submarine  Medical 
Research  Laboratory 
Medical  Library,  Naval  Sub  Base 
Box  900 

Groton,  CT  06340 

Commander/Director 
U.S.  Army  Combat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703-5304 

Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  New  York  09180 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer,  Naval  Medical 
Research  and  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20814-5044 

Deputy  Director,  Defense  Research 
and  Engineering 
ATTN:  Military  Assistant 
for  Medical  and  Life  Sciences 
Washington,  DC  20301-3080 

Commander,  U.S.  Army  Research 
Institute  of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 

U.S.  Army  Communications-Electronics 
Command 

ATTN:  AMSEL-RD-ESA-D 
Fort  Monmouth,  NJ  07703 

Library 

Naval  Submarine  Medical  Research  Lab 
Box  900,  Naval  Sub  Base 
Groton,  CT  06349-5900 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  602-B  (Mr.  Brindle) 
Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Commander,  U.S.  Army  Institute 
of  Dental  Research 
ATTN:  Jean  A.  Setterstrom,  Ph.  D. 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 


62 


Naval  Air  Systems  Command 
Technical  Library  950D 
Room  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration 

Information  Center,  Code  5804 
Washington,  DC  20375 

Director,  U.S.  Army  Humarj 
Engineering  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD  21005 

Commander,  U.S.  Army  Test 
and  Evaluation  Command 
ATTN:  AMSTE  AD-H 
Aberdeen  Proving  Ground,  MD  21005 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander,  U.S.  Army  Medical 
Research  and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick,  MD  21702-5012 

Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 

HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 


Naval  Research  Laboratory 
Library  Code  1433 
Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTO:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

U.S.  Army  Materiel  Systems 
Analysis  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  Library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 

U.S.  Army  Environmental 
Hygiene  Agency 
Building  E2100 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
SGRD-UIZ-C 

Fort  Detrick,  Frederick,  MD  21702 

Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 

Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 

USARTL-AVSCOM 

NASA  Langley  Research  Center 

Mail  Stop  266 

Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base  FL  33608 

Air  University  Library 
(AUL/LSE) 

Maxwell  Air  Fore  Base,  AL  361 12 

U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Henry  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Illinois-Willard  Airport 
Savoy,  IL  61874 

Chief,  Nation  Guard  Bureau 
ATTN:  NGB-ARS  (COL  Urbauer) 
Room  410,  Park  Center  4 
4501  Ford  Avenue 
Alexandria,  VA  22302-1451 


Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Gillette) 
4300  Goodfellow  Blvd.,  Building  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  AMCPM-ALSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120-1798 
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Commander 
U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Commanding  Officer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 

Assistant  Commandant 
U.S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73503-0312 

Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

HQ  USAF/SGPT 

Bolling  Air  Force  Base,  DC  20332-6188 

U.S,  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510  TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Uke,  CA  93555 


Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S,  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library  Technical 
Reports  Section  (TSKD) 

Brooks  Air  Force  Base,  TX  78235-5301 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S,  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Lib)  Stop  217 
Edwards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 

Commander,  Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco,  CA  94129 
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Mr.  Frank  J.  Stagnaro,  ME 
Rush  Franklin  Publishing 
300  Orchard  City  Drive 
Campbell,  CA  95008 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Aviation  Center 
Directorate  of  Combat  Developments 
Building  507 
Fort  Rucker,  AL  36362 

U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERMR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander  U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick,  MD  21702 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 

Commander  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CG 
Fort  Rucker,  AL  36362 

Commander/President 
TEXCOM  Aviation  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

MAJ  Terry  Newman 
Canadian  Army  Liaison  Office 
Building  602 
Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

LTC  Patrick  Laparra 
French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 
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Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Famborough  Hampshire  GU14  65Z  UK 

Dr.  A.  Komfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN;  SGRD-UBZ-I 
Fort  Detrick,  Frederick,  MD  21702 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandra,  VA  22313 

Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 
ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Air  Force  Armament 
Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 


Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN;  AMSMI-RD-CS-R/ILL 
Documents  Redstone  Arsenal,  AL  35898 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Col.  Otto  Schramm  Filho 
c/o  Brazilian  Army  Commission 
Office-CEBW 

4632  Wisconsin  Avenue  NW 
Washington,  DC  20016 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 

COL  Eugene  S.  Channing,  O.D. 

Brooke  Army  Medical  Center 

ATTN;  HSHE-EAH-O 

Fort  Sam  Houston,  TX  78234-6200 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN:  Surgeon 
Fort  Monroe,  VA  23651-5000 

LTC  Gaylord  Lindsey  (5) 

USAMRDC  Liaison  at  Academy 
of  Health  Sciences 
ATTN:  HSHA-ZAC-F 
Fort  Sam  Houston,  TX  78234 
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